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Abstract
Serpentine soils have been the subject of much study, due to their sparse yet 
wide-ranging occurrence, and their unique mineral and chemical properties. The 
formational processes and parent material of the soil can be correlated with these 
distinctive chemical properties. Serpentine soils are derived from ultramac 
rocks--both igneous and metamorphic, such as peridotite and serpentinite--and 
because these rocks originate in the mantle, their chemical makeup is naturally 
dierent than most rocks formed in the crust. Additionally, the weathering charac-
teristics of the serpentine soils, including their tendency to maintain compositions 
very similar to the parent rock, lead the soil to exhibit attributes unlike surround-
ing soils. One of these attributes is the large quantity of heavy metals that remain 
in the soils--such as chromium and nickel. These metals, along with high quanti-
ties of magnesium and low quantities of calcium, cause the areas where these 
soils occur, known as “serpentine barrens” to display a unique and limited ora 
and fauna. This paper will serve as a geochemical analysis of heavy metal content 
in serpentine barrens in Pennsylvania. By using X-ray uorescence, it will be pos-
sible to examine the chemical content of these soils and show any similarities and 
dierences between them. This will help in the understanding of soils in this 
region, as well as function as a comparative analysis with geochemical analysis of 
serpentine soils in other localities.  
How Do Serpentine Soils Weather?
Serpentinite does not weather readily. Generally speak-
ing, it takes at least tens of thousands of years to form a 
serpentine soil with any kind of argillic alteration. There 
is only a soil accumulation of 0.0125 mm each year, 
meaning at this rate, it would take 800 years for 1 cm of 
soil to accumulate and 40,000 years for a moderately 
deep soil to form. For the Chrome Series and other simi-
lar soils, the A horizon that does form contains only 3% 
organic matter, and that organic matter will add less 
than 1cm of depth to the soil after 40,000 years 
(Alexander, 2007). 
Because of serpentinite’s 
resistance to weathering 
and the slow addition of 
organic matter, it is 
common to see many  
outcrops of serpentinite 
in the soils of serpentine 
barrens. 
Plot of Chromium v. Nickel. 
There appears to be an upward 
trend until about 2000 ppm Ni, 
at which point the trend at-
tens in the direction of increas-
ing Cr content, suggesting a 
possible limiting factor within 
the relationship between chro-
mium and nickel.
What is XRF?
X-ray uorescence (XRF) can be used to 
determine the chemical content of a 
sample of rock or soil using an XRF spec-
trometer. The instrument works by bom-
barding an atom with X-rays that excite 
inner shell electrons, causing outer shell 
electrons to drop from their higher 
energy orbitals into the vacated lower 
energy orbitals. When this happens, 
energy is released in the form of charac-
teristic X-rays that can be analyzed to de-
termine the elemental content of a 
sample (Wirth, 2013). 
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Methods
A list of serpentine barrens in Pennsylvania was 
compiled using data from geological maps and 
soil series. Areas that were not only underlain by 
ultramac bedrock, but that also showed the 
unique vegetation belonging to serpentine bar-
rens were chosen as ideal sites. Following this, a 
group of six sites were determined due to their 
ability to oer a wide distribution of the serpen-
tine barrens in the region. All of the sites are lo-
cated within one of two counties in the state-
Chester and Delaware. In addition, sites were 
 chosen using the locations from Schagrin and
 Bosbyshell, 2013. At each of these six locations,
 marked on the map, ve samples from the B soil
 horizons were collected and analyzed using an
 Innov-x Systems Avenger Handheld XRF An-
alyzer. A series of three analyses were completed
 on each sample and the heavy metal content
 analyzed for trends and possible distribution
 patterns.
Chrome Soil Series
All of the soil samples analyzed in this study were collected in soils 
that are part of the Chrome Soil Series. The Chrome Soil Series is lo-
cated in southeastern Pennslvania and northeastern Maryland and 
heavily concentrated in Chester and Delaware Counties in Pennsyl-
vania and Cecil County in Maryland. The series is of small extent 
and consists of moderately deep soil (ranging from 10 to 35 inches 
deep) derived from serpentinite bedrock. The soils collected for this 
study all came from locations where the depth to bedrock was less 
than 18 inches. Soils in the Chrome Series are generally classied as 
ne, mixed, superactive, mesic Typic Hapludalfs. They are consid-
ered hapludas partly because of their high iron and aluminum 
content (National Cooperative Soil Survey, 2008).  However, serpen-
tine soils throughout the world occupy all soil orders, except al-
sols, depending on the specic characterists of each soil (Fujii, 
2011).
Map of Southeastern Pennsylvania showing the locations of serpen-
tine barrens that were included in this study (Map taken from Penn-
sylvania Department of Conservation and Natural Resources).
Where Do Serpentine Soils Occur?
Serpentine soils are not widespread throughout the United 
States, but the locations where they do appear show a pattern. 
Because of their relationship to plate tectonics, serpentine soils 
tend to appear in areas that are experiencing or have experi-
enced oceanic subduction in the past, and interestingly, in loca-
tions that have ophiolites (McBirney, 1985). For this reason, the 
two main regions with serpentine soils are the western coasts 
and eastern coasts of the United States. On western coast of the 
United States, the Juan de Fuca plate subducting underneath 
the North American Plate is one of the reasons for the serpen-
tine soils in Northern California and the Pacic Northwest. Like-
wise, past subduction events such as the Grenville, Taconic, Aca-
dian, and Appalachian orogenies in eastern North America are a 
contributing factor towards the distribution of serpentine soils 
in eastern North America. 
Map of serpentine soil locations in the 
United States (Schmidt, 2011).
Soil map of Goat Hill Ser-
pentine Barrens (top) and 
Willisbrrook Serpentine 
Barrens (bottom). All of 
the areas abbreviated 
with  a ‘Ch” are part of the 
Chrome Soil Series. 
Images from Web Soil 
Survey.
What is a Serpentine Barren?
A serpentine barren is an area underlain by ultramac bedrock, 
most commonly the metamorphic rock serpentinite. Serpentine 
barrens and the serpentine soils that form in these areas are no-
table for their unique and limited ora due to the chemical 
properties of the soil—the name “barren” comes from the lack of 
vegetation in these areas. As you can see in the aerial photo-
graphs, the serpentine barrens are in stark contrast to those 
areas just outside the boundaries of the barrens.  
Symphotrichum depauperatum, or serpentine 
aster, a rare plant found only on serpen-
tine barrens.
Serpentine barrens in Willisbrook, 
Pennsylvania.
Chrysotile variety of serpentine. Lizardite variety of serpentine, 
collected at Nottingham Ser-
pentine Barrens. 
Serpentinite from serpentine 
barrens has long been used as a 
construction material for build-
ings around these sites. One 
such building is the Chester 
County Horticultural Hall in West 
Chester, Pennsylvania. Image 
from West Chester, 2014.
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Entrance to Goat Hill Serpentine Bar-
rens in Nottingham , Pennsylvania
